Partial rootzone drying (PRD) and regulated deficit irrigation (RDI) has been studied in many wine-producing countries as irrigation techniques, which improves the water use efficiency, vigor control and maturation quality of wine grape production without significant crop reduction. This work aimed to compare leaf starch, reducing sugars (RS) and total soluble sugars (TSS), as well as the activities of cell wall acid invertase (CWAI), vacuole acid invertase (VAI) and citosol neutral invertase (CNI), in PRD and RDI treated vines at the São Francisco Valley (Brazil
INTRODUCTION
The São Francisco Valley has been considered a new growing region for winegrape production. In this region, the wines have a typical taste and it is the unique wine produced in a tropical region. However, it is necessary to establish an adequate management for tropical vineyards to improve grape and wine quality. The key to improving winegrape quality in irrigated vineyards is to achieve an appropriate balance between vegetative and reproductive development, as an excess of shoot vigour have undesirable consequences for fruit composition. In recent years, deficit irrigation strategies as the partial rootzone drying (PRD), where water is applied to only one side of the root system, and the regulated deficit irrigation (RDI), where the irrigation is reduced in a defined period of the berry growth, have been proposed for managing grapevine growth and improving fruit quality (McCarthy, 1997) . The PRD system is thought to rely on hormonal signals (abscisic acid, ABA) originating from the roots in response to low soil water potentials within the 'dry' zone (Stoll et al., 2000) and it has been well documented that PRD has the potential to reduce vigour, improve quality, maintain yield and improve water-use efficiency (Dry and Loveys, 1998; Loveys et al. 2000) . However, the impacts of these irrigations strategies on leaf sugar metabolism as well as rootstock influence have not received much attention. A deep knowledge of the mechanisms that regulate leaf carbon allocation is of the great interest to use irrigation successfully, since the most of sugar synthesized in berries is derived from leaves. In this context, the aim of this study was to evaluate the diurnal and seasonal changes of leaf water potential, carbohydrates concentrations and invertase enzyme in leaves of field-grown grapevines submitted to PRD and RDI irrigation. Our approach may contribute to a better knowledge regarding the effects of water availability on grapevine physiology under semi-arid conditions.
MATERIAL AND METHODS
The experiment was conducted in an experimental field of Embrapa Tropical Semi-Arid, in Petrolina, Pernambuco State, Brazil. The two winegrape varieties of Vitis vinifera L studied were 'Moscato Canelli' and 'Syrah', both grafted on 'IAC 572' and '1103 P' and planted in September 2000. The grapevines were spaced 3.0 x 1,5m and vertically trained. Experimental design for both cultivars consisted of a randomized block design with two factors (irrigation and rootstock) and 5 replicates of 9 grapevines per treatment.
PRD treatment irrigation system had two drip tubes, one in each side of the plant row, and water was applied alternating each 14 days to only in one side of the rootzone, allowing other half to dry; it was imposed at 47 days after pruning -dap, after the fruit set. RDI treatment had one drip tube per plant row and it was imposed at 91 dap, after veraison. Soil humidity was kept around 60% by more 4 water applications at 103, 107, 110 and 144 dap. The term full irrigation (FI) is being used just to specify the time period before the two irrigation treatments imposition. The irrigation scheduling was performed based on tensiometers installed at 0.2, 0.4, 0.6, 0.8 and 1.0m depth, and frequency ranged from 3 to 5 times per week. The gross amounts of applied water were 1463.3 and 1200 m 3 .ha -1 in RDI and PRD, respectively. All evaluations were carried out throughout the day at the flowering, veraison and ripe fruits at June, July and August/2004, respectively. Plant water status was monitored by measuring leaf water potential (Ψ L ), in three previously marked grapevines of each block, throughout the day and the season using a Scholander-type pressure chamber. During the trial nine exposed leaves collected from the main shoots of three previously marked grapevines were sampled for carbohydrate metabolism analysis. The diurnal and seasonal changes of leaf carbohydrates were analysed through quantification of starch (Allen et al., 1977) , total soluble sugars (Yemm and Willis, 1954) , sucrose and reducing sugars (Miller, 1959) . The enzymatic activities of citossolic, vacuolar and wall invertase were measured following Nascimento et al (1998) .
RESULTS AND DISCUSSION
The Fig. 1 shows the diurnal and seasonal changes in Ψ L measured in both cultivars in sunny days during the different phenological stages. The irrigation treatments and rootstocks did not influence the leaf water status in both cultivars. A similar pattern of the Ψ L was observed in both cultivars. However, at midday, the Ψ L in 'Moscato Canelli' reached lower (around -1.5MPa) values than in 'Syrah' (around -1.2MPa). There were no significant differences between PRD and RDI treatment as shown in figure 1c,f. The main PRD effect on leaf water status has been attributed to reduction in stomatal conductance (gs) due to increase of ABA xylem as showed in the experiments where PRD is compared to a control where the double of water is applied (Stoll et al., 2000) . However, in this study, which there were small differences in soil water deficit between PRD and RDI (data not shown), the leaf water potential was similar in both deficit irrigation strategies. The regulation of PRD is very subtle when compared to other deficit irrigation treatment as recently showed by Souza et al., 2005. There was an increase of leaf starch concentration during the growing season as illustrated in Fig. 2 . Under full irrigation conditions at bloom stage, the diurnal pattern showed low starch concentrations in leaves of both cultivars and rootstocks as compared to the other phenological stages (Fig. 2a,d ). The rootstock did not affect leaf starch throughout the day in all phenological stages. However, there were significant differences between irrigation treatments. The leaf starch concentration was higher in leaves of both cultivars and rootstocks at the end of the day under RDI than in PRD treatment (Fig. 2  c,f) . This response could be related to increased photosynthesis and/or reduction in starch translocation in leaf of grapevines growing under RDI conditions.
The total soluble sugars (TSS) also increased during the growing season in both cultivars (Fig. 3) . However, the significant differences only occurred during the ripening period, where the combination 'Syrah'/'IAC 572' under PRD showed significant reduction in leaf TSS as compared to others treatments (Fig. 3c) . The rootstock and deficit irrigation treatments did not effect diurnal and seasonal changes of reducing sugars (Fig.  4) .
Although the mechanisms of sucrose unloading is still unclear in leaves and fruits of grapevines, it is currently believed that invertases enzymes play a major role in converting imported sucrose to hexose (Ruffner et al.,1990) .
In this study, no definite diurnal pattern was found for activity of invertases, which remained approximately constant during the day (Fig. 5,6,7) . There was only significant increase in activity of cell wall invertase (CWI) in leaves of 'Moscato Canelli' grafted on '1103 P' compared to 'IAC 572', and both combination (scion/rootstock) showed the lowest activity under PRD treatment when compared to RDI. Regarding the seasonal evolution, although Dantas et al. (2005) verified that invertase activity increases during fruit maturation, only vacuolar acid invertase (VAI) showed a slightly increase during the growing season. Furthermore, the increase in reducing sugars was better correlated with VAI activity than with others invertase enzymes (data not shown). The vacuolar invertase has been considered the main enzyme involved in hydrolysis of sucrose in leaves and grape berries (Hunter et al., 1994; Davies and Robinson, 1996) . However, the CWI may be also a key factor in determining sink strength in the plants with sucrose as a main translocated sugar in phloem (Zhang et al., 2001 ). According to these authors, the CWI may be involved in sucrose unloading through apoplasmic pathway in apple fruit.
In general terms, the deficit irrigation treatment had no negative impact on the most biochemical analyses of field grown grapevines under semi-arid conditions. Although both irrigation strategies may be useful for irrigation purpose, more studies at physiological and biochemical levels are needed for successful of the controlled irrigation programs in field-grown grapevines in São Francisco River Valley.
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